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ABSTRACT
The object of this investigation was to determine the 
mechanism of solvolysis of tri-tert-butylchloroallene in 
aqueous acetone. The rate of reaction was found through 
kinetic studies by measuring the change in conductance with 
time. The rate was found to be first-order. It was observed 
that the rate increased by a factor of 5*3 with each 10% 
increase of water in the solvent. The Grunwald-Winstein m 
value and activation parameters were calculated and compared 
with values calculated for known Sr[1 reactions. Product 
studies yielded 1.1.3-tri-tert-butyl~l-propen~3-one and 
1,3,3-"fri-ter_t-butyl"l-propyn-3"Ol in a 9:1 ratio. It was con­
cluded that the solvolysis of tri-tert-butylchloroallene 
proceeded via a classical Sjjl mechanism. Chloride ion was 
lost In a rate-determining step to form an allenyl cation 
which could be stabilized by inductive effects and delocali­
zation and by the propargyl cation, a resonance structure.
The product was mainly the propenone because of the steric 
hindrance from two tert-butyl groups preventing attack at 
the propargylic position.
vlii
THE MECHANISM OF SOLVOLYSIS 
OF
TRI-TERT-BUTYLCHLOROALLENE
INTRODUCTION
The solvolysis of alkyl halides to yield substituted
products proceeds through one of three mechanismsi bimolecular
nucleophilic substitution with a pentavalent transition state,
unimolecular nucleophilic substitution with a trivalent car-
boni um ion transition state, or an elimination-addition
mechanism. By analogy alkenyl or vinyl halides should also
undergo nucleophilic via either an S^l, an S^2, or an elimi-
nation-add i tion mechanism. Due however, to their inertness in
alcoholic silver nitrate1, the solvolysis of vinyl halides was
not thoroughly Investigated until 19^4. At this time Grob and 
2
Cseh observed that a vinyl halide bearing an ©*,-phenyl group, 
©<-ba?omostyrener did indeed undergo solvolysis to yield an 
acetophenoneo The solvolysis was shown to be first-order. 
Furthermore it was reported that the rate could be increased
o
by a factor of as much as 10 when the para position of the
V  illWILI * >1 ■—
aromatic ring bore an electron donating group such as -NE^,
-OCH^, -NHCOCH^. When an electron withdrawing group such as 
-NO^ was substituted in the para position of the aromatic ring 
however, there was no reaction in the absence of base below 
190°C. On the basis of this evidence Grob and Cseh concluded 
that the solvolysis of -bromostyrene proceeds by a two step
process with a transition state resembling a vinyl cation 
(Figure 1). The presence of an «< -aromatic ring and an electron 
donating phenyl substituent serves to stabilize the transition
2
Figure 1 
Solvolysis of c^-Bromostyrene
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©
C=CH.
It was later observed by Schubert et al, that the hydrol- 
ysis of the para-amino compound did not proceed by an S^l 
mechanism through a vinyl cation but rather by an acid catalyzed 
hydration. The vinyl substrate used by Schubert was bromo- 
styrene bearing a protonated amino group in the para, position, 
which accounts for the presence of acid (Figure 2).
Soon after the work of Grob and Cseh was published, a 
vinyl cation was proposed as an intermediate for many solvol- 
ysis reactions. Jones and Miller proposed a vinyl cation as 
an intermediate in the reaction of vinyl triazenes with HNu 
(Figure 3)«
Huang and Lessard^ suggested a possible vinyl cation 
solvolysis for haloenamines. They based their hypothesis on
JL.
the observance of a C ^ H ^ N O  fragment in the mass spectrum of 
l«~chloro-2(-^-morpholino) ~1,2-diphenylethene that could be 
a vinyl cation.
4>
4>
Figure 2
Hydration of js-Aminobromostyrene
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7In 1968 Modena^ and his coworkers reported the synthesis
of 1,2-diaryl~2-mercaptovinyl-2,4,6-trinitrobenzenesulfonates1
where H, X= H, £-CH3 , JQ-C1, m-Cl
X= H, Y= £-CH3 
X= Y= £-CH3 
X= £-Cl, Y= £~CH3
When allowed to react with nucleophiles at room temperature in 
methylene chloride, the vinyl sulfonates yielded the corres­
ponding substitution products.
s x  xA r
/TNBS
/ z
xAr
Ar
Z~ OCH3 
ArS”
Cl"*
when HNu= CH^OH 
ArSH
HC1
In 90% aqueous acetic acid and sulfuric acid the product was 
a substituted acetophenone.
8An 0
CH-C-Ar
A r
If the reaction was carried out in "boron trifluoride, the
Modena proposed an S^l mechanism with a vinyl cation 
.intermediate for each of the above reactions. He based his 
^hypothesis on the following* one, first-order rate data.
Two, the ease of formation of a vinyl cation could be attri­
buted to a good leaving group, the trinitrobenzenesulfonate 
ion (Simple benzenesulfonates and mono- and dinitrobenzene- 
sulfonates did not react except under extreme conditions.). 
Three, a vinyl cation could be stabilized by adjacent aroma­
tic rings through resonance. Four, the benzo thiophene
product could be explained by a vinyl cation Involved In
neighboring group participation (which has been observed in
•7
alkyl cations ), (Figure ^).
o
Modena and Tonellato measured solvent and substituent
product was a benzo thiophene derivative,
An
9Figure k
Neighboring Group Participation in Arenesulfonates
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effects for 1, 2-diaryl-2-~mercapt'ovinyl-2 rh , 6-trinitro- 
benzenesulfonates. They observed that Increased polarity of 
the solvent increased the rate of reaction (Table I). With 
the exception of the reaction in methanol, the product of the
Both the -X and -Y substituent effects were measured 
(Tables II and III). The electron donating substituents 
which could stabilize a vinyl cation through resonance are 
seen to increase the rate of reaction while electron with­
drawing groups which would destabilize a vinyl cation are seen 
to decrease the rate with respect to an unsubstituted aromatic 
ring. A Hammett rho value of -1.5 was calculated for the -X 
substituents. This is consistent with an S^l mechanism. For 
the ~Y substituents, whether the rate results are dependent 
upon substitution in the - or ^-aryl group or both is 
under investigation.
9Modena and ToneHato also studied salt effects and common 
ion effects. They observed that added lithium perchlorate 
increased the rate of reaction linearly with stoichiometric 
increases in salt concentration up to 0.1 M. Lithium, trinitro­
benzene sulfonat e (LiTNBS), on the other hand, caused a decrease 
in the rate as its concentration was increased. Common 
ion effects were measured using labelled LiTNB-^S. The 
vinylsulfonate was allowed to react In acetone in the presence 
of LiTNB-^S for 35 minutes (^5% reaction). The residue 
vinylsulfonate was then allowed to react to completion with 
methanol. When trinitrobenzenesulfonic acid, a product of 
the reaction with methanol, was counted, it was determined
above reactions was the corresponding
11
Table I
Rates of Reaction at 25°C* of 
1 r2-ditbluyl-l-phenylinercaptovinyltrinitrobenzenesulfonate
ji i
Solvent k x 10 sec
Nitrome thane 42.4
Kethanol 14.5
Acetone 3-10
Dioxane 0.34
80i 20 NitromethanesDioxane 10.5
20s80 Nitromethanes Dioxane 3*27
Table II
Rates of Reaction in CH^NO^ at 25°C. of 
1,2-diphenyl“l-arylmercaptovinyItrinitrobenzenesulfonate
-X k x 10^ sec"*1
E~0CH3 10.1?
£-CH3 7.06
e -h J.bb
1.72
m-Cl 1.21
Table III
Rates of Reaction in CH3NO2 25°C. of 
1 f2-diaryl-l-phenylmercaptovinylrrinitrobenzenesulfonate
4 -1~Y k x 10 sec
£-H
£-Cl
^2.4
3 . ^
1.03
1, 4
that 19.5% of the exchange between TNBS” and TNB^-%” expected 
for complete equilibration had occurred. This is indicative 
of a reaction intermediate that may react to either return to 
starting material or to form product. Both of these experiments 
serve as positive evidence for a vinyl cation of finite life­
time .
Miller and Kaufman1^ proposed a vinyl cation as the
i
intermediate in the solvolysis of triaryliodoethylenes in
aqueous dimethylformamide to give iodide ion and benzhydryl
ketone. They postulated that the cation was stabilized by the
delocalization of charge into the -aromatic ring.
11Jones and Maness‘ proposed a vinyl, cation as the inter­
mediate In the solvolysis of triarylvinylsulfonates in acetic 
acid at room temperature. They based their hypothesis upon 
first-order rate datay kinetic results from changes In leaving 
groupsr and deuterated solvent studies. The rate ratio for 
triflate vs fluorosulfonate was 3°1. When deuterated acetic 
acid was substituted for proteated acetic acidf there was no 
change in rate. These results argue against an addition- 
elimination mechanism that had been proposed by Peterson and 
Indelicato1^ «
Rappoport and Gal13 also proposed the triarylvinyl cation 
as a reaction intermediate in the solvolysis of trianisyl-
1
vinylhalides. For trianisylvinylchloride the Grunwald-Winstein 
mY plot gave an m value of 0.53 in 60-80% aqueous ethanol and 
0.42 in 80-90$ aqueous ethanol. These values are consistent 
with an SN1 solvolysis mechanism (See Discussion and Results).
In addition the rate ratio of the vinyl bromide to the vinyl
chloride (kg^/k^) was 57*6 at 120°C. Because the bromine
carbon bond is weaker than the chi or ine*~ carbon bond, in a 
reaction where bond breaking is important a bromine compound 
will react faster than a chlorine compound. If a carbon!urn 
ion was formed, upon solvolysis the vinyl bromide would be 
more reactive than the vinyl chloride.
In addition to vinyl cations stabilized by (^-aromatic
rings, a vinyl ca„tion stabilized by a cyclopropane ring has
1 5been proposed by both Eanack and Bassler and Sherrod and 
Bergman^, Hanack and Bassler synthesized 1-cyclopropyl-l- 
chloroethylene and allowed it to react with acetic acid. The 
products were, depending upon the conditions of the reaction, 
cyclopropylmethyl ketone (80$) and cyclopropylacetylene {15%) 
or ^  “Cyclopropylvinylacetate (100$), typical products of an 
S^i.reaction with a vinyl cation intermediate. Sherrod and 
Bergajnn studied the solvolysis of l-cyclopropyl-l-iodoethylene. 
They proposed a vinyl cation which in one conformation would 
allow maximum overlap of the empty p~orbital with the carbon- 
carbon bonds in the cyclopropyl ring which are adjacent to the 
positively charged vinyl cation.
not
In 1969 Stang and Summerville^^ reported the synthesis 
of cis- and trans-»2-buten-2-yltrifluoromethanesulfonate (tri-
flates). The trans isomer upon solvolysis in 80% aqueous 
ethanol at 7^°C. gave dimethylacetylene as the only product. 
The cis isomer at 100°C. gave dimethylacetylene 2-buta~
none (33%) &nd methylallene (9$')« Because of these product 
distributions and the fact that the trans isomer reacted 40 
times faster than the cis isomer, Stang and Summerville suggested 
that the trans isomer reacted via a concerted elimination 
mechanism due to its geometrically favorable conformation while 
the cis isomer reacts via an 8^1 mechanism with a vinyl cation 
due to its unfavorable geometric configuration for a concerted 
elimination mechanism. To test their hypothesis Stang and 
Summerville prepared and solvolyzed the deuterio-trans (3) and 
deuterio-cis (^) compounds under the same conditions as before.
For the trans isomer kg/kp= 2,09 and for the cis isomer 
kjj/kjy= 1,20. A kg/kp value of 2.09 is what would be expected 
for a primary isotope effect indicating the breaking of the 
C-H or C-D bond in the transition state while a kg/k^ value
and an alkylvinyl cation intermediate. Therefore Stang and 
Summerville proposed that the trans isomer reacted via a con-
mechanism. The formation of a vinyl cation without stabilizing
^ 0 S 0 2CF^c= c 3
D NC H3
.^oso2cf3
3
of 1,20 is more consistent with a -secondary isotope effect
ceted elimination and the cis isomer reacted via an S^i
aromatic or cyclopropyl rings is possible because the triflate 
is a much better leaving group than the arenesulfonates or 
halides that had been used previously (Triflate is 10 -10^ 
more reactive under solvolytic conditions than corresponding 
arenesulfonates ).
Further evidence for a vinyl cation intermediate in 
solvolysis reactions can be obtained from a study of the pro­
ducts in these reactions. Several groups of workers have 
observed products that could arise only from the rearrange­
ment of a vinyl cation. Such rearrangements might have been
expected by analogy with alkyl cations which undergo rearrange-
3 a
ment. Schleyer ' and his coworkers studied the solvolysis of 
1-tert-butylvinyltriflate in 50% aqueous ethanol at 75°C. (Fi­
gure 5)• Products 3-6 can arise only from the rearrangement 
of a vinyl cation (A) formed during solvolysis to an isomeric 
form (B).
H C ii CH3
3 i +  / H  i
c i-t-c -c= c  £+ C ,
u'p VH 1 , ^ C H 2
h 3c n c H2 2S+
o
A B
20
Griesbaum and Rehman studied the reaction of tert-butyl- 
acetylene with anhydrous hydrochloric acid. They obtained 
products which were best explained by a vinyl cation mechanism 
with rearrangement of the cation via a 1,2-methyl shift.(Figure 
6).
21Schleyer and his coworkers also observed the formation
Figure 5
Solvolysis of tert-Butylvinyltriflate
CHf
X  75 •
CH5 GH30
CH.-i-C^CH . c h - ^ - c'-CH,
J I i °
^ 3  CH5
1 (76$) 2 (2%)
/CH3 <iH 3 xc h 3
iC - C  - CH jCH^O- C-
^H% CHj CH^
c h 5
3 U W  4(i.
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Figure 6
Reaction of Butlyacetylene with Anhydrous HC1
C K
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20
of rearranged alcohols and ethers in the solvolysis of 1-tert- 
butylvinyltriflates. When 1-methyldiphenyltriflate was solvo- 
lyzed in 80$ aqueous ethanol, Schleyer et al. obtained 2-phenyl- 
cyclopropanophenone« To explain this product Schleyer suggested 
a rearranged vinyl cation, the aromatic ring having migrated
to form a more stable vinyl cation (Figure 7).
22
When Sherrod and Bergman solvolyzed 3 ,^-pentadien-l-yl 
iodide they obtained the same products that they had obtained 
in the solvolysis of cyclopropylvinyliodide. They concluded 
that the pentadiene lost iodide ion to form the more stable 
cyclopropylvinyl cation (Figure 8).
. As seen from the above there is ample evidence for vinyl 
cation intermediates in solvolysis reactions, The question which 
now arises is whether this vinyl cation is in a bent (5) or 
linear (6) conformation*
Rx ©
D=CL C =  C-R‘
Qs> q */
2 2 In (5) the charged cation is sp hybridized with an empty sp
orbital in the direction of the leaving group. In (6) the 
charged carbon is sp hybridized with an empty p orbital at 
the carbon bearing the positive charge.
Peterson and Indelicato reported that the solvolysis rate 
for cls-2-butenylbrosylate was 2?0 times greater than the 
solvolysis rate for cyclohexenylbrosylate. This, they con­
cluded, was indicative Of the fact that the cis-2-butenyl cation
21
Figure 7
Solvolysis of l-Methyldiphenylvinyltriflate
/ C h j
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/ N
OT? 9 n +C~C~CH,
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Figure 8
Solvolysis of 3 f^ -Pentadiene-l-yl Iodide
I ~ C H ^ C H 2C H = C = C H z
-  I
Sf
t>5=CH,
23
was more stable due to its linearity while the cyclohexenyl 
cation was bent and therefore less stable,
Rappoport and Apelolg studied the products of solvol­
ysis of cis- and trans-1,2-dianisyl-2-phenylvinyl halides in 
silver nitrate in acetic acid. For both starting halides the 
products were equal amounts of cis and trans acetates. If the 
vinyl cation were bent, the product would have been the trans 
acetate from the trans halide and the cis acetate from the cis 
halide. A linear vinyl cation on the other hand could lead 
to either a cis or trans product (Figure 9)» The possibility 
of a rapid equilibrium between the cis and trans forms was 
considered by Rappoport and Apeloig but rejected because such 
an equilibrium would give no steric or electronic gain.
In addition to product studies, energy considerations
would favor a linear vinyl cation over a bent one. The linear
vinyl cation would have greater stabilization due to higher
bond energy (because of more s character in an sp bond than
in an sp one) and shorter bond lengths than the bent vinyl
cation. Furthermore the promotion energy associated with the
2
difference in a vacant sp orbital and a p orbital is 75
2 5
kcal/mole(estimated by Fahey and Lee ; obtained from one third 
the difference in the valence state ionization potential of a 
carbon 2s orbital (-21.A e.v.) and a carbon 2.p orbital (~11.^ 
e.v.). B’inally a linear vinyl cation would allow overlap be­
tween the vacant p orbital and the aromatic 'W- orbitals of
the phenyl ring.
Figure 9
Possible Products In the Solvolysis of 
cis- and trans-1. 2-DianisyI-2-phenylvin.yl Halides
OAc
An
\
OAc
r~r
25
On the basis then of evidence from product studies,
energy considerations and charge delocalization possibilities
Rappoport and Apeloig hypothesized the linear conformation
for the vinyl cation intermediate.
2 6Kelsey and Bergman In an attempt to determine the 
preferred configuration of the cyclopropylvinyl cation studied 
the products of solvolysis of cis- and trans-1-cyclopropyl- 
1-iodopropenes in excess silver acetate at room temperature.
They found that both isomers gave essentially the same distri­
bution of cis and trans acetates. They concluded that the 
intermediate in the solvolysis was indeed
. ©  /  H
V c = c
x ch 5
Such a conformation would allow the maximum overlap of the 
vacant p orbital and the carbon-carbon bond orbitals of the 
cyclopropyl ring.
In addition to product studies two groups have applied 
MO theory to vinyl cations. Schleyer^ and his coworkers used 
both an extended Huckel method and a semiempirical SCF proce­
dure to calculate the energy levels for a simple vinyl cation.
2 8Kelsey and Bergman applied the extended Huckel MO method to 
study the cyclopropylvinyl cation. In boths; cases it was deter­
mined that a linear cation was more stable than a bent one.
For ethenyl cation Schleyer calculated an energy difference
26
of 65 kcal/mole between a linear structure and a bent one.
Kelsey and Bergman calculated a n 'energy difference of 30 
kcal/mole between the linear cyclopropylvinyl cation and the 
bent one.
29A recent study by Schleyer and his coworkers offers 
perhaps the most conclusive evidence for a linear vinyl cation.
In cycloalkenyl systems the vinyl cation is held rigidly in a 
bent conformation. If the bent conformation is indeed less 
favorable than the linear conformation of the vinyl ca.tionr 
then the rates of solvolysis for the cycloalkenyl compounds 
should be less than the. rates for analogous acyclic compounds 
and should parallel the amount of strain expected for each ring 
system. Schleyer and his group studied the solvolysis in $9% 
ethanol at 100°G. of the compounds in Figure 10. Their rates 
relative to cis-1,2-dimethyl vinyltriflate are tabulated below 
each compound. The products for the unsubstituted cycloalkenes 
were the corresponding cycloalkyl ketones. As can be seen the 
rate of solvolysis decreased with decreasing ring size. This 
is direct evidence for the instability of bent vinyl cations
as compared to linear vinyl cations.
10Recently Grob and Spaar studied methyl substituted 
bromobutadienes in polar solvents to determine whether these 
dienes might ionize to resonance stabilized vinyl cations.
The allylic double bond could serve as an electron donor and 
stabilize a vinyl cation. Grob and Spaar reported that 
2«-bromo~^-methyl-l f 3-pentadiene reacted 23 times faster than 
]D-methoxy~& -bromostyrene. This indicates that the allylic 
double bond does exert a stabilizing influence on the vinyl
2?
Figure 10
Relative Rates of Solvolysis of Cycloalkenyl Compounds
1.1 x 10 3.0 x 10' 0.003
c h5
'^SrOTi,
H 3C  C H 3
^ c \
u I
OX;
0. 0^8
15
0.276
cation. On the basis of the products obtained (Figure 11)r 
Grob and Spaar proposed the following intermediates
28
+ /H 
OC-C.
H \\C-CH,
i °
ch3
H
H
/ H
o=c =  c
N r ^
C H s  C H 3
H\
H
/ H
\
Further evidence for a resonance stabilized vinyl cation 
is found in the work of Bly, Ballantine and Koock^ who 
studied the solvolysis of 2 f 2~dimethyl-3 pentadienyltosylate • 
In absolute ethanol and pryidine at 55°C., this compound gave 
as product 95% 5 r 5-dimethyl-1,2-pentadienyl ether. The same 
product was obtained in 55% yield from the solvolysis of 
2~bromO“4~*methyl~l,3-pentadiene . To yield the same product 
these two compounds must have gone through the same transition 
statet namely
\ /o o c
7 XC-CH+ 3
CH3
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Figure 11
Solvolysis of 2“Bromo~4-methyl-l,3-pentadiene
/ B p
H ?C~C X H 3 80#aq EtOH v.
SQ - Q  100°C. '
h '  x c h 3
CH2=C=CH-C-OCH2CHj
CH-
I
I
CH
HC=CCH=qCl15 2.9%
I  it
OH
CHZ=C”CH=C
CH.
16%
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In 1951 Vernon^ reported a study of the solvolysis 
reaction of allylic halides in aqueous formic acid and compared 
these rates with those for structurally similar alkyl halides.
He found that allyl chloride upon solvolysis in 95»5% aqueous 
formic acid was 25 times more reactive than propyl chloride.
The allylic double bond produced a rate enhancement due to 
its electron releasing ability which stabilized the vinyl 
cation through a three carbon 'f? -system.
Because of the analogy between alkyl and vinyl halides, 
one might expect a similar analogy between allyl and allenyl 
halides. A particularly, stable cation might be formed upon 
solvolysis of haloallenes due to possible resonance stabili­
zation.
L
33 3^ 35Schiavelli , Hixon , and Moran have studied the
solvolysis of triarylhaloallenes in aqueous acetone at 
varying temperatures, Hixon studied the solvolysis of 
triphenylchloroallene in 60-80% aqueous acetone at 25r 35» 
^5°C. She observed that the rate of solvolysis was increased 
by a factor of three with each 10% increase in the water 
concentration of the solvent. A Grunwald-Winstein mY plot 
gave an m value of 0.69- 0.06. The solvolysis yielded exclu­
sively triphenylpropargyl alcbhol. The activation parameters
Oat 25 G. were calculated as* Eac _^= 20.8 kcal/mole, A H  =
20.2 kcal/mole and A S  = -10,7 e.u. Moran studied the 
solvolysis of triphenylchloroallene, l-anisyl-3 ,3-diphenyl- 
ehloroallene, 3,3-diphenyl-l-toluylchloroallene and l-p-chloro 
phenyl-3»3“tiiphenylchloroallene (Figure 12) in 80-90$ aqueous 
acetone at 25, 35, ^5°c « The exclusive product of solvolysis 
was In .all cases the corresponding propargyl alcohol. A 
Hammett (T - ^  plot gave a rho value of -2.02. A Grunwald- 
Winstein mY plot for l-anisyl-3»3-^iphenylchloroallene gave an 
m value of 0.??. The activation parameters for l-]D-chloro-
phenyl-3,3-d.iphenylchloroallene at 25°C. were calculated to he
* 4?
Eact= 21.? kcal/mole, A H  = 21.1 kcal/mole and AS = ^8.80 e.u
On the> "basis of these data Schiavelli, Hixon and Moran pro­
posed/a classical S^l mechanism for the solvolysis of triaryl- 
haloallenes.. The solvolysis proceeds through a carbonium ion 
which exists as a resonance hybrid?
A q  + An
\ +
£ = C = C - A p <------ ) jC~C= C— Ap
A p 7 An 8
Structure (8) is stabilized by delocalization of the charge
*
at the propargylic position Into the aromatic rings. The 
product of solvolysis, the propargyl alcohol, is particularly 
strong evidence for this resonance stabilization.
To examine the scope of allenyl halide solvolysis reac-
Figure 12 
Triarylchloroallenes
d \  /Ci
oc=c
\
Tr i pheny 1 chi or oa 11 e ne
\
(
Cl
OC H
l-Anisyl-3,3-diphenylchloroall
rk
V n
CD'
.c=
c
ci
3,3-EIphenyl-l-toluyl-
chloroallene
l-£-chlorophenyl-313-d'iphenyl- 
chloroallene
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tions, recent work in this laboratory has been concentrated 
on the effect of replacing the aromatic rings with alkyl 
groups. To this end the following compounds have been studied*
*
x
s C Ic=c=c
/ \
><
V
V
x‘:oc>c\
C!
d)
/Cl
X
c=c=r/ 
✓ \
ci
CD
V  ^  rXCIc=c=cv
CD" xA
(t) = phenyl
— *|—  = tert-butyl
The purpose of this research has been to study tri-tert-butyl- 
chloroallene in order to further elucidate the structure- 
reactivity relationships in the solvolysis of substituted 
haloallenes.
EXPERIMENTAL
Melting points were taken using a Thomas Hoover Capillary 
Melting Point Apparatus and are uncorrected. Infrared spectra 
were run on a Beckman Infrared Spectrophotometer Model 5A 
using sodium chloride cells. Unless otherwise noted the 
samples were 10$ solutions in carbon tetrachloride. Nmr 
spectra were run on a Hitachi Perkin-Elmer R-20B Nuclear 
Magnetic Resonance Spectrometer, 60Mc/sec. All samples were 
10% solutions in carbon tetrachloride using tetramethylsilane 
as the reference.
Materials
1«. Thionyl chloride was obtained from Fisher Scientific Co., 
Reagent Grade and purified in the following manner* 30 ml 
triphenyl phosphite was added dropwise with stirring to ^73 ml 
thionyl chloride. The thionyl chloride was distilled at ?6°C. 
The first 100 ml of distillate was discarded and the next 300 ml 
was saved and stored in the refrigerator.
2. Pyridine was obtained from Fisher Scientific Co., Cert­
ified A.C.S. and was used without further purification.
3. Acetone used in kinetic studies was obtained from, Fisher 
Scientific Co., Certified A.C.S., and was purified in the fol­
lowing manners 1.5 1. of acetone was distilled from 60 g. 
potassium permanganate and about 2 g. sodium hydroxide. The
324,
fraction distilling at 56-56.5°C. was collected, sealed and 
stored until use. The distilled acetone was tested and found 
to conduct less than 5 micromhos.
Conductivity water used in kinetic studies was obtained 
by passing distilled water through a mixed bed column of a 
Bantam Dimineralizer Model BD-1, The conductivity water was 
found to conduct less than 10 micromhos.
5. 1.3.3-tri-tert-Butyl-l-propyn-3-ol was obtained from 
C.J. Boswell as a crude product and was used without further 
purification. M.P« = 53-57°C.
6. tri-tert-Butylchloroallene was prepared using the method 
of Jacobs and F e n t o n ^ . ' ^.66 g. (0.0^ mole) thionyl chloride 
and’6.32 g. (0.08 mole) pyridine in cold anhydrous ether were 
added to 9 « 5 &• (0. 0^ 1 mole) tri-tert-butyl propargyl alcohol. 
The. reaction mixture, was stirred in an ice bath under nitrogen 
for.one hour, The mixture was then filtered and the filtrate 
washed with 100 ml portions of water, 5$ hydrochloric acid,
5$ sodium bicarbonate and water respectively. The ether layer 
was filtered through anhydrous magnesium sulfate and left over 
magnesium sulfate overnight. The next day the ether solution 
was filtered and the ether stripped off. The residue was dis­
tilled under vacuum to give A .3 g. (Ml*.3$ yield) of the allene 
at 66-69°C./l mm Hg. Analysis. By Schwarkopf Microanalytical 
Laboratory. Calcd. For C ^ B ^ C l :  C, 7A.2$; H, 11.1$; Cl, 1 A. 6$ 
Founds C, 7^.68$; H, 11.3^$? 01 > 12.28$, The infrared spec­
trum showed a peak at 1950 cm“  ^ for a carbon-carbon multiple 
bond. There was no evidence of an -OH peak. The nmr spectrum 
showed two singlets at 1 .03 ppm and 1,20 ppm in a ratio of ls2
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Kinetic Studies
All conductivity measurements were made on a Wayne Kerr 
Autobalance Universal Bridge B 6b2 using a conductivity cell 
from Fisher Scientific Co., which had an approximate cell 
constant of 0.17 cm V. Constant temperature was maintained 
throughout each kinetic run by immersing the cell in an ethylene 
glycol bath thermostated at a known temperature and monitored 
by a Beckman thermometer. The bath was calibrated using a 
Leeds and Northrop 8l60-B platinum resistance thermometer with 
Mueller Bridge and null detector.
Each kinetic run was done at a substrate concentration 
of b«± x 1 Qrh ± 0e7 x 10~^ M. To obtain a kinetic solution of 
this concentration 10 ml of a 2 x 10“3 m. allene stock solu­
tion was pipetted Into a $0 ml volumetric flask into which 
was also pipetted the necessary volume of acetone and i^ater 
to give the desired solvent composition. For example, for a 
50s 50 .acetone*water solvent composition, to 10 ml of the stock 
solution In a 50 ml volumetric flask was added exactly 15 ml 
acetone and 25 ml water. The resulting solution was thus 
4 x 10 M. in the allene. For all runs the conductivity 
water was equilibrated in the constant temperature bath for 
at least ten minutes before use. For kinetic runs at 55°0. 
the allene solution minus the water was also equilibrated In 
In the constant temperature bath, The timer was started when 
half of the water had been added. After the water was added, 
the volumetric flask was Inverted several times to insure pro­
per mixing. The conductivity cell was rinsed three times 
with the kinetic solution before filling, and placed in the
37
constant temperature bath* The change in conductivity with 
time was then measured.
oo
Using LSG, a computer program written by D.E. DeTar ,
“•1the best value of the rate constant k (sec ) was calculated 
by a curve fitting least squares analysis of the graph 
log ~Ct/CU —CQ where G~ the conductivity in micromhos.
Data submitted to the computer were an approximate value for 
k (0,693/ti), CQr and all conductivity and time values.
In addition to giving the best value for the rate constant, 
the program also gave the best values for G q and C ^  and a 
standard deviation.
Product Studies
. Two ''product studies were perf ormed on tri-tert-butyl" 
chloroallene. In the first 1 g. of the allene (*K1 x 10”^ 
moles) was refluxed at 6^.7 °C . for 6 hours with 700 ml water 
and’ "700 ml acetone. After cooling 500 ml water was added to 
the mixture which was then quantitatively transfered to a 
separatory funnel where another 500 ml water was added.
100 g. sodium chloride was dissolved in the solution which 
was then extracted three times with 250 ml portions of ether.
The ether layer was filtered through anhydrous magnesium 
sulfate and left over anhydrous magnesium sulfate overnight.
The next day the solution was filtered and the ether stripped 
off. The product was obtained in a yield of 92%.
In the second product study the same procedure was 
followed, however an equimolar amount of pyridine was added 
to the refluxing solution. The product was recovered in
38
87% yield.
Crystals were formed in “both products upon standing 
for a few days. The crystals were removedf washed with cold 
ligroin and dried. The crystals were weighed and found to 
equal 10-15$ of the product. Melting points, IB and nmr 
data are tabulated below ( Table IV).
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IE
Compound
Product study 
no pyridine 
crude
Product study 
w/ pyridine 
crude
Crystal
no pyridine 
M.P.= 59.5“
■ {
Oil
no pyridine
* Crystal
w/ pyridine 
M.p.= 57-60
Oil
w/ pyridine
Table IV 
and nmr Data for Product Studies
3370
1685
3600
2225
IR (cm” )
C=0
O-H
C~C
stretch 
stretch 
multiple bond 
stretch
l685 C=0 stretch
2235 C-C multiple bond 
3600 O-H stretch
nmr (ppm)
1.11 singlet
1.22 singlet
1.26 singlet
6.04 singlet
1.11 singlet
1.22 singlet
1.26 singlet
6.04 singlet
Sl°C.
1685
36OO
2235
842
0=0 stretch 
0-H stretch 
C-C multiple bond 
stretch 
C-H vinyl bending
3600 (w) 0-H stretch 
1685 (s) C=0 stretch 
842 C-H vinyl bending
2230 (w) C-C multiple bond
stretch
3600 O-H stretch 
2225 C-C multiple bond 
C. stretch
3600 (w) 0-H stretch
1685 C=0 stretch
2225 (w) C-C multiple bond
stretch
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Table V
Hate Constants for the Solvolysis of 
Tri-tert-Butylchloroallene 
in DMK:H20a
Solvent T°C. t x lo' sec Average k x 10^ se
50i50 4-4.79± 0.02 3.73° 3.75
3.77
3.76
40i 60 *14.79- 0.02 18.5°
19.5
19.6 
18.7
19-1
60 i*l-0 55.23± 0.02 2.57
2.H-7
2.52
50 s 5 0 55.24± 0.02 13.7
12.4
13.3
15.3
13.7
40 j60 55.22+ 0.02 71.9
71.3
69.8
71.0
50150 64.641 0.02 35.8
34.6
35.2
35.2
^  DMKiHgO is acetone (dimethyl ketone)- watTer 
thermometer calibration accurate to + 0,02°C. 
c these values obtained from Ref. 36
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Table VI
Sample Data from a Kinetic Run in 50*50 DMKiE^O at 55°0. 
Time Conductance Percent reacted
(minutes) (mlcromhos)
15.78 95.00 12.13
17.71 105.00 13.57
20.04 115.00 15.21
22.19 125.00 16.70
24.36 135.00 18.17
26.60 145,00 19.67
29.00 156.00 21.24
31.15 165.00 22.62
33.4-7 175.00 24.09
35.84 185.00 25.55
38.24 195.00 27.01
4-0.73 205.00 28.49
43.24 215.00 29.96
46.11 226,00 31.59
43.42 235.00 32.88
51.10 245.00 34.34
55.71 262.00 36.79
57.41 268.00 37.67
59.34 275.00 38.65
62.23 285.00 40. 09
65.15 295.00 41.52
68.21 305.00 42.97
71.31 315.00 44.41
74.45 325.00 45.83
78.05 336.00 47.41
81.03 345.00 48.69
84.77 356.00 50,24
88.30 366.00 51.67
95.23 385.00 5^.35
103.5 406.00 57.37
111.4 425.00 60. 05
120.4 445.00 62.90
130.1 465.00 65.73
l4l .1 486.00 68.70
152.2 505.00 71.44
172.7 536.00 75.87
187.4 555.00 78.62
Table VI continuedi
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Time Conductance Percent Reacted
204.8 575.00 81.48
225.8 595-00 84.42
251.2 615.00 87.36
266.4 625.00 88.84
284.8 635.00 90.34
306.8 646.10 92.01
328.0 654.50 93.28
365.3 666.50 95.06
412.5 677.30 96.65
425.4 679.80 96.99
0 0 730.92 100.00
5^
Figure 2k
Sample First-Order Plot of Log C ^-C ^/C ^-G q vs  Time
1
O
o
C7> 3 -
2 -
100 200
Time (min.)
DISCUSSION AND RESULTS
Solvolytic substitution of vinyl halides can occur via 
two types of mechanisms* addition-elimination and elimina- 
tion-addition. Included in addition-elimination are the SN2 
direct displacement mechanismr the carhanion transtion state 
mechanism, and the mechanism in which protonation follows 
formation of the carbanion (Figure 25). Included In elimi- 
nation-addition are the S^l earbonium ion mechanism, the 
elimination of HX to form an acetylene, and the elimination 
of HX to form a carbene, (Figure 26).
While there is usually no direct way of determining the 
mechanism of a particular reaction,, a reasonable mechanism can 
be proposed on the basis of kinetic, substituent and solvent 
studies. The expected results in each study for addition- 
elimination and SN1 mechanisms are discussed below.
The rate of reaction is a function of the concentration 
of the species Involved in the rate-determining step. For 
an S^l reaction the rate is a function only of the concentra­
tion of the substrate becasue the substrate is the only species 
involved in the rate-determining step, the formation of the 
carbonium ion. For an S^2 reaction both the substrate and 
the nucleophile are involved in the rate-determining step, the 
rate, therefore, is dependent upon the concentration of both 
nucleophile and substrate. This is also true for an addition-
55
Figure 25
Addition-Elimination Mechanisms
S^2 Direct Displacement
R ,R'
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/ \
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i
r - 6
i
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X
c
/
R
\
Formation of a Carbanion
Formation of a Carbanion Followed by Protonation
Figure 26
Elimination-Addition Mechanisms
A, Classical S^ l.
R .R1 _ R __ R R'
xc = c  =x— > R—C—c c==c
X7 Xr" XR" Nu X R'
B, Formation of an Acetylene
R' /R" R^ r !
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/  \  /  \
X H Nu H
C, Formation of a Carbene
Rx H R. RK / H
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elimination reaction where a carhanion is formed in the transi­
tion state. Unfortunately upon solvolysls all of these mecha­
nisms show first-order kinetics, i.e. the rate is a function 
of the concentration of the substrate only, because the nucleo­
phile, the solvent, is in excess. Therefore a mechanism cannot 
be proposed on the basis of results from kinetic studies.
Substituent effect studies, on the other hand, can provide 
reliable evidence for one mechanism or another. For an S^l 
mechanism electron donating substituents in the ©( -position
R v(5 <JR' 
R ' ^ X
would stabilize the carbon!urn ion transition state by resonance 
or inductive effects and thereby increase the rate of reaction.
V0OCH,— > ^ >C = C^CH3
R
For an. S_T1 mechanism a large negative rho value would be 
N
expected due to the positive charge generated in the transi­
tion state. For an S 2 mechanism electron withdrawingN
substituents would cause a small rate acceleration. A small 
positive rho vale should be seen due to the delocalized
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negative charge generated in the transition state. In a car­
banion reaction electron withdrawing substituents in the - 
position would accelerate the rate of reaction (to a greater 
degree than in SH2 ) by stabilizing the transition stste through 
resonance or Inductive effects:
X ? _  /0
Nu-C-^Q>-N02 ,--- > Nu-C-C=0=N®
R R' x R 0
A .large positive rho value would be expected because a negative 
charge is generated in the transition state.
; Solvent studies also give good evidence to use in pro­
posing a reaction mechanism. In an SN1 reaction the starting 
material is a neutral species which ionizes to form a charged 
transition state. A polar solvent would stabilize such a. 
transition state. Increasing the polarity of a solvent in an 
reaction would increase the reaction rate. This is also 
true for a carbanion mechanism where the transition state is 
a negatively charged species. In an S^2 reaction, if the 
nucleophile Is a neutral species as in the case of water, 
increasing the solvent polarity would have little or no 
effect on reaction rate because in the transition state the 
charge is very delocalized. If the nucleophile is anionic, 
increasing the polarity of the solvent might decrease the rate 
of reaction by stabilizing the ground state. In general it 
Is usually found that GrunwaId-W1nstein m values (see later
61
discussion) for S^l reactions are greater than 0.5 and for S^2 
reactions are less than 0.5.
Using possible solvolytic substitution mechanisms for 
vinyl halides as models r the following mechanisms (Figure 27) 
for the solvolysis of tri-tert-butylchloroallene to give 
alcohol and ketone products can be proposed. Elimination- 
addition mechanisms that proceed via the loss of HX are not 
possible because there is no allenyl hydrogen present in the 
compound studied.
Solvent Studies
To determine the effect of solvent upon the rate of 
solvolysis of tri-tert-butylchloroallene, kinetic runs were 
carried out in three different acetone-water mixtures. If 
the mechanism of solvolysis was S^l or add!tion-elimination 
through a carbanion transition state, Increasing the polarity 
of the solvent by increasing the percentage of water would 
cause an acceleration of the reaction rate. If the mechanism 
was Sj|2 or S^21 , changing the polarity of the solvent would 
have no effect. As can be seen in Table VII, a change in the 
polarity of the solvent caused a substantial change In the rate 
of solvolysis. For each 10$ increase In the water concentra­
tion of the solventr the rate Increased by a factor of 5*3•
39Grunwald and Winstein observed that when log k for 
solvolysis of one compound in different solvents was plotted 
against log k for solvolysis of another compound in the same 
solvents, a straight line was obtained. On the basis of this 
linear relationship they developed an equation which would
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Figure 27
Possible Mechanisms for the Solvolysis of 
trl-tert-Butylohloroallene
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C, Carbanion Formation 
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Table VII
Solvent Effects in the Solvolysis of 
i-tert-But ylchior oalle ne
Solvent T°C. Average k x 10^ sec ^
(^acetone*^ water)
60*40 55.23 2.52
50*50 55.24 13.7
4o* 6o 55-22 71.0
relate solvolysis rate to composition of solvent*
log k= mY + log kQ
kG is the rate of solvolysis for a compound in 80% aqueous 
ethanol. Y is an empirical measure of the ionizing power of 
the solvent. The Y*~values of any solvent are found by assu­
ming that in the solvolysis of tert-butylchloride, m= 1 .00.
The slope of the line,,mr is a measure of the sensitivity of 
the reaction rate to changes in the solvent polarity. For the 
solvolysis of tri-tert-but ylchioroa11ene at 55°c » in acetone- 
water, the m value is 1,22. This was obtained from a least 
squares calculation. This value is consistent with m values 
obtained for compounds that are thought to solvolyze by an 
Sjjl mechanism (Table VIII).
Temperature Effects
The effect of temperature on the reaction rate was 
measured to determine the activation parameters for the sol­
volysis of tri^tert-butylchlorcallene in 50*50 &nd ^ 0*60 
acetoneiwater, The energy of activation (Ea ), enthalpy of 
activation ( A H  ) and entropy of activation ( A S  ) were
o  o
obtained from a computer program, ACTENG by D.E. DeTar 
which made use of the Arrhenius equation, k= Ae~Ea//RT and 
A= (ekt/h) (e ^^ . The results are summarized in Table IX.
Activation parameters are usually higher for S^l solvol- 
yses than for carbanion and S^2 solvolyses. The Ea and A H  
values are higher because more energy is needed to break the
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Figure 28
mY Plot for Solvolysis of 
Tri-tert-Butylchloroallene at 55°C«
log Is:
Y
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Table VIII
Grunwald-Winstein m Values in Aqueous Ethanol a
Substrate
tert~buty1chiorIde 
tert-butylbromide 
tert-amylbromide 
ofr-chlorophenylethane 
cb~methylallylchloride 
benzhydrylchloride 
methylbromide 
methyltosylate 
ethylbromide 
ethyItosylate 
n-propylbromide 
n-butylbrosylate
T°G.
25
25
25
50
25
25
50
75
55
50
95
60
m
(1 .00)
0.940
0.90
1.195
0.894
0.757
0.26
0,23
0.34
0.26
0.34
O.32
Mechanism
N
sNf
SN1
Sn 1
SN1
SN2
% 2
Sn2
SN24 2
% 2
Vinyl Systems
HqC =C(Br)CH=C(CH 3 )0 
H2C=C(CH,)Tf '
An2C=C(Afi)Cl 
An2C --C (An) Br
100
76
120
120
0.8113
0 ^9°
0.42-0.53 
0,34a
Sn 1
e 2
SN^SN1
Allenyl Systems
<tnwsnnLn n. 1 ■nin r t l iB . w n  «gaw^»m.iiii f i UM—1 1 ■
(c6h5)2c=c=c(c6h5)ci
(c6H5)2C=C=C(An)C1 
(0113)3 0 0=0 =0 (06115)01
(°6H 5)2C=C=CC(CH3 )3C1
(ch3 )3c(c6h5)c=c=c(c6h5)ci 35
25
25
25 
45 
4 5
0.69
0.77f
1.1s
1.6s
0.77s
0.91®
V
SN1
undecided
undecided
undecided
undecided
Refs, ib, 40 —
Ref. 30 
Ref. 17 
Ref. 13
e Ref. 3b in aqueous acetone 
^ Ref. 35 aqueous acetone 
g Ref. bl in aqueous acetone
b
d
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Table IX
Activation Parameters for the Solvolysis of 
Tri-tert-Butylcfaloroallene
Solvent Ea (kcal/mole} A ( k c a l / m o l e ) AS^ (e.u.)
50*50 d m k *h 2o 2^.1± o.i 2 3 . o.i -5.o^+ o.s
40:60 DMKiH20 26.1+ 0.3 25.5t 0.3 +*K^5t 0.9
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bond between the leaving group and the substrate when there
Is no assistance from bond formation between the substrate
and the incoming nucleophile.
PIn gas phase, AS for an-S^l reaction is positive due 
to an Increased disorder as the starting material, one species, 
dissociates into substrate and leaving group, two species.
For an Sn2 reaction or carbanion reaction, AS is negative 
due to an increase in the order of the system as two species, 
starting material and nucleophile become one species. In 
solution the solvent dipoles align themselves to stabilize the 
charges produced by bond breaking. This tends to decrease 
AS for an S^l reaction, to the extent that AS is usually 
negative but less negative than A S  for an S^2 reaction where
A  Psolvent alignment tends to further decrease A  S . A comparison 
of activation parameters for solvolysis reactions whose mech­
anism is known (Tables X and XI) with those for the solvolysis 
of tr i~tert-but ylchi or oalie ne show that the values obtained 
are consistent with an S^l mechanism.
As seen in Table IX increasing the polarity of the sol­
vent tends to in crease the avtivation parameters for trl-tert- 
butylehloroallene. This Is also consistent with an S^l 
mechanism (Table XII). As the solvent is made more polar the
A Pdielectric constant increases. Because AG which equals
AH - T A s  is affected by the dielectric constant, an increase
in the dielectric constant will cause a change in the entropy.
Increasing the polarity of the solvent leads to a more posi- 
. ^
tive AiS because there is a decrease in the electrostatic 
forces between the carbonium ion and the leaving group and
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Table X
Activation Parameters for S^l Reactions
Substrate Solvent® E
kcal/mol kcal/mcl
A s *
e . u.
Ph2C=G=G(Ph)Clb3^ 80$ DMK 20.8 20.2 -10,7
Ph2C=C=C (jo-Cl-Ph)Cl 35 80$ DMK 21.? 21.1 -8. 80
(Ph)BrC=CH2 2 80$ EtOH 33.8 32.9 -8.9^
(£-MeO-Ph)BrC=CH2 2 80$ EtOH 2?,8 27.1 -6.79
(£-MeC01®t-Ph)BrC=CH2 2 80$ EtOH 27.2 26.4 -11.3
(A n )IC=C(Ph)2 10 70$ DMF 2k. 9 2 k . 1 -15.2
An(Cl-)C=CAn2 13 80$ EtOH 2 7.5 26.7 -1'4.8
(An)BrC =CAn2 d ^ 80$ EtOH 21.9 21 .2 -20.8
(An)'BrC=CPh0 13 80$ EtOH 21.8 21.0 -22.7
CH^CH=C (CHrj) OTf 17 80$ EtOH 26.0 25.3 -7.69
(CH2)2CB(I)C=CH2 I6 aq„ MeOH 2k . 2 23.3° -21.1°
TO
H2C=C(Br)CH=C(CHo) 2 aq. MeOH 23,9 23.ld -10.9d
^•Solvents are aqueous 
^Reference number 
°at 150°C. 
at 100°C.
Table XI
Activation Parameters for S^2 Reactions
Substrate Nucleophile Cis ^  £ Trans
in Solvent Air AS AIM AS**
(jJ-NOgPh )CH=^HCX 
PhCOC(Ph)™CHC1
CH-o (01) C=CEC00Et 
✓
(g-CH^PhSOg) CH=CHC1
EtCOC (CH-j) =CHC1 
PhCOC(CH3 )=CHC1
PhS”/MeOH I?.2a
C rHjjN/EtOE 
N3-/98$ EtOH
PhS”/EtOH 14.7 •
n-Bu2NH/MeOH 11.6
C6H11KH2/Me0H 12-9
EtO"/EtOK 26.6
C5H11N/EtOH
CtHllN/EtOH
-17.8 17.0 -15.2
12.6 -30 
16.8 -23
■23.5 15.4 -17.5
-27.5 12.1 -25.5
- 26.0 12.6 - 28.5
+19
12.2 - 31.2 
10.1 -3*1-.2
Table XII
Solvent Effects on Activation Parameters in S^l R e a c t i o n s ^
Compound
4»
Solvent E_a (kcal/mole) AS (e.u.)d
i£E£.-but y 1 chi or id e 80#.EtOH 
50% EtOH
23.1
22.9
—6 « 2 
-0.67
ifiXls'-'but y Ibr omide 95% EtOH 
90# EtOH
22.7
20.8
•11
•8. 8
di phenyl chi or ome thane 90% DMK 
80$ DMK
19.6 
21.0
-19 
- 9.0
-chlorophenylethane 80$ DMK
60$ DMK
21.8 
21.5
-1^
- 8 A
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thus a more random system.
Structural Effects
Vinyl cations are known to be stabilized by the presence 
of aromatic substituents through resonance. Allenyl cations
33 3^ 35are also known to be stabilized by aromatic substituents ' f
17Stang and Summerville 1 have shown that an alkylvinyl cation 
is the intermediate in the solvolysis of els-dimethylvin.yl- 
triflate. By analogy an alkylalienyl cation should be pos­
sible as the intermediate in the solvolysis of trl-tert-butyl- 
chloroallene. While no resonance stabilization through 
substituents is possible, the alkylalienyl cation can be 
stabilized by both inductive effects and delocalization.
An inductive effect is caused by the shift of single 
bond .electrons to a more positive center. Inductive effects 
are.used to explain the stability of tert-butyl carbonium 
ion :
c h 3
i
H3C—^
T
C H 3
They should also explain the stability of the trl-tert-butyl.- 
allenyl and tri-tert-butylpropargyl cations:
?6
V
"t !*•
VC= OC4-C*-CH3 ✓ 0
CH
* c h 3
ch3
-I
H3C —»C<~CH3
Recent work in this laboratory has been concerned with 
the effect of replacing aromatic groups in triphenylchloro- 
allene with alkyl groups. The results obtained are summarized 
In Table XIII for compounds in which phenyl has. been replaced 
by tert-butyl. The rate change factor for each substitution
has also been calculated (Table XIV).
Several conclusions can be drawn from these results. In
replacing the tert-butyl group in the -position (gem to the
chlorine) with an aromatic ring, the relative rate decreases 
from the di-tert-butylallene (l) to the diphenylallene (3) • 
This indicates that an o{ -aromatic ring adds relatively less 
to the stabilization of the carbonium ion when other aromatic 
rings have stabilized the cation to some extent.
When an aromatic ring is substituted for one of two 
tert-butyl groups in the Y-position (4), the change in 
relative rate is small. If an aromatic ring is substituted
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Table XIII
Rate Constants for the Solvolysis of 
Substituted Chloroallenes at 35°C. in $0% DMK
Compound k (sec”1 ) Relative k
(t-Bu)2C=C=C(t-Bu)Cl 1.14.x 10*5 1.00
(t-Bu)PhC=C=C(t-Bu)Cl 2.10 x 10"-5a 1.84
(t-Bu)PhC=C=C(Ph)Cl 1.22 x 10“i,'a 10.7
(t-Bu)2C =G =C(Ph)Cl 1.63 x lO-^  14.3
Ph2C =C =C(_t-Bu)Cl 1.00 x lO"3^ 87.7
Ph2C=C=C(Ph)Cl 3.93 x 10“3C 345
^data from Ref. kl 
^calculated by ACTENG 
extrapolated from mY plot of data from Ref. 3k
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Table XIV 
Rate Increase Factors
Compound 1 Compound 2 k2/k.
1. (t-Bu)2C=C=C(t-Bu)Cl (t-Bu)2C=C=C(Ph)Cl l4.3
2. (t-Bu)PhC=C=C(t-Bu)Cl (t-Bu)PhC=C=C(Ph)Cl 4.39
3. Ph2C=C=C(t-Bu)Cl Ph2C=C=C(Ph)Cl 3.93
4. (tzBu)2G=C=C(t-Bu)Cl (jt-Bu)PhC=C=C (£-Bu) Cl 1.84
5. (t-Bu)PhC=C=C(t-Bu)Cl Ph2C=C=C(t-Bu)Cl 47.7
6 . (t-Bu)2C=C=C(Ph)Cl (t-Bu)PhC=C=C(Ph)Cl 0.75
7. (t-Bu)PhC=C=C(Ph)Cl Ph2C=C=C(Ph)Cl 32.2
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for a ^ -tert-'butyl group when one aromatic group is already 
present in the ^-position (5) t "the change in relative rate 
is very large. Ofoe explanation for these results concerns 
the geometry of allenes. The tert-butyl group is very bulky, 
so bulky in fact that when a phenyl group is exchanged for 
one of two tert-butyl groups at the ^  -position, it is prevented 
from assuming a position completely coplanar to the allene.
The p orbitals of the aromatic ring are therefore more perpen- 
dicular than parallel to the //-orbitals of the allene or the 
empty p orbital of the propargyl cation. r n
Such orthogonal.ity prevents any substantial stabilisation 
of the carbon!urn ion by resonance.
If a second aromatic ring is substituted for a tert- 
butyl group at the $  -position (5)t the change in relative 
rate is much larger than for substitution of the first aro­
matic ring. Like the tert-butyl group an aromatic ring is 
fairly large. In the -diphenylallene it might be ex­
pected therefore, that both rings could not assume planar 
positions. Both rings could assume a position midway between 
orthogonality and planarity resulting in a propeller-like
structure, The propeller structure has been shown to be the 
structure of the triphenyl carbonium ion (C^H^)^C . If
such a structure were the one for the -diphenylallenyl
cation, the rate of reaction would increase substantially due 
to the presence of two substituents that could stabilize the 
carbonium ion by resonance.
An anomaly is observed In the change in relative rate 
for the cA t ^  -dihenyl-'jf -tert-butyl allene vs tf.ir -di-tert- 
butyl -o( ~ phenyl allene (6). In no other instance is the change 
In relative rate less than one. Here, however it is 0.75*
In the di-tert-butyl compound the aromatic ring at the a\ - 
position is planar and can stabilize the allenyl system through 
resonance because it can overlap completely. In addition it 
releases electrons to the carbon bearing the chlorine and aids 
in its dissociation. The allenyl cation is stabilized so 
completely by this one aromatic ring that when an aromatic 
ring is placed at the ^ -position, it does not attempt to 
assume a coplanar position. Because an aromatic rong serves 
as an electron withdrawing group when it Is orthogonal, the 
presence of a -aromatic ring destabilizes the allenyl cation 
and decreases the rate of reaction.
The question which must now be answered is what effect 
does structure have on the products of solvolysis. If the 
mechanism of reaction was S^l, the product could be either 
the propargyl alcohol or the allylic ketone. Hixon^ observed 
that for the solvolysis of triphenylchloroallene, the sole 
product was the propargyl a3,cohol when the reaction was carried
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out at 25°C. With refluxIng however, a small amount of 
ketone was observed. An energy diagram might be drawn as 
follows j
T.S.
E ✓ *s
RXN C O O R D I N A T E
The same energy diagram might be proposed for the sol­
volysis of trl-tert-butylchloroallene. However the size of 
the ^ -tert-butyl groups must be taken into account. In 
triphenylchloroallene the two -aromatic rings have a pro- 
peller-like structure. This would give water a fairly easy 
access to the ^ -carbon. In tri-tert-butylchloroallene both if—
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-substituents are bulky so that water might be more readily 
added at the c\ -carbon where there is only one tert-butyl 
group. The following energy diagram might be drawn*
IS.
E
OH
R XN COORDINATE
Wilson, Roberts and Young studied the addition of the 
Grignard reagent 2-butenyl magnesium bromide to ketones. The 
product they obtained when the ketone was diphenyl ketone, 
isopropyl-tert-butyl ketone and diisopropyl ketone was the 
corresponding xnethylallyl tertiary alcohol. They proposed 
a rearrangement mechanism to account for the methylallyl 
product (Figure 2.9). When crotyl magnesium bromide was 
allowed to react with di-tert-butyl ketone, the normal crotyl
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Figure 29 -
Rearrangement Reaction of 2-Butenyl Magnesium Bromide
R-C-R'
[i
0
+ C HjC H — C H C H^Mg Bn
Bn
O M g B n  
R-C-CH C H=C H, 
rV  1 
R CH,
I
Rn ^0— -Mg
r\//Vw/ X
R' «/ 
H-C CH 
1 
C H ,
C H
R! CH, 
R-C-CH CH=CH,
OH
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tertiary alcohol was obtained (Figure 30). Wilson et_ al. 
concluded that steric hindrance prevented the formation of 
the methylallyl alcohol. Due to the size of the tert-butyl 
groups, the Grignard reagent was prevented from forming a 
six-member intermediate which would lead to the methylallyl 
product.
Brown and Ichikawa**'? studied the rate of reaction of 
various ketones with sodium borohydride (NaBHg)in isopropyl 
alcoholto determine the relationship of structure to reacti­
vity. They observed that with increasing alkyl substitution 
on the ketone the rate of reaction decreased (Table XV).
Brown and Ichikawa concluded that inductive effects were 
mainly, responsible for the decreases in rate. In the case 
of symmetrical ketones, however, the decreases in reaction 
rate were due to steric effects. The tert-butyl groups in 
di-tert-butyl ketone were large enough to prevent to a great 
extent any attack by an ion even as small as BH^“‘.
Both these studies offer good evidence for the steric
o
hindrance hypothesized in addition to an sp carbon bearing 
two tert-butyl groups. The results of these studies predict 
preferred attack at the ck -carbon rather than the Y-carbon 
in tri-tert-butylallenyl cation which would give the allylic 
ketone not the propargyl alcohol as product.
Proposed Mechanism
While all three addition-elimination mechanisms mentioned
Figure JO
Normal Reaction of 2-Butenyl Magnesium Bromide
with Ketones
0 H 
-j— C - C H aC H - C H C H 3 + M g B p O H
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Table XV
Relative Rates of Reaction of NaBH^ with Ketones
Compound Relative Rate at 0°C.
CE3COCH3 1.00
CH3CH2C0CH2CH3 0.101
CH3CH2CH2COCH2CE2CH3 0.0291
CH3(CH2 )3C0 (CH2 )3CE3 0.0403
CEo(CH?)*00(CH2 )5cn^ 0.0300
•CH3CH2COCE3 0.417
m^CQCEiGRj) 2 0.195
QEjCQC(CEj )j 0.0815
(.ICE 3) gCHCOCH (CH^) 2 0.00551
ICE^)jCCQC(CE.3 )j 0,000191
8 7
previously are possible, solvent and temperature effects and 
product studies seem to support a classical Sjgl mechanism for 
the solvolysis of tri-tert-butylchloroallene in aqueous ace­
tone, In the S^l mechanism chloride Ion is lost in a rate- 
determining step to give an allenyl carbonium ion. This 
carbonium ion can be stabilized through a resonance contri­
buting form, the propargyl cation. Attack of water then can 
occur at either the allenic or propargylic position. Subse­
quent loss of a proton and in the case of the allenyl s„lcohol, 
keIonization yields the product. For trl-tert-butylchloro- 
allene attack of water occurs manily at the -carbon of the 
allenyl cation to yield the ketone product,(Figure 31).
Product Studies
The products expected from an S^l solvolysis are the 
propargyl alcohol and the allylic ketone*
OH
1.3.3-trl-tert- 
butyi-1-propyn-3-ol
1,1# 3-trl-tert-
butyl-l-propen-3“One
As indicated by the IR data and the melting points of the 
crystalline products from both product studies, both the 
above products were obtained. The product ratio was 9*1
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Figure 31
Mechanism of Solvolysis of 
Tr1-tert-Butylchioroallene
X  /Cic=c<
X  X
Cl
x\ t-
c=c=c—
•f H 0 H
V
VC"C;=c
1
n o h
1-H+
c=c=
X
-c
V 0 H
\x
x  ° ,
C-CHC-f"
f -V C'~C^C~T
+ H O H
-C-CsC' 
I
4*OH
\
—  |_j
i T  _—L— Q — Q ~ Q  j-
O H
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ketonetalcoholf or about 10-15^ alcohol. Such a small
amount of alcohol (as compared to the results of Hixon-^ 
3 5and Moran who both obtained the alcohol as the sole 
product) is to be expected due to the steric hindrance 
discussed earlier encountered when water is added at the 
propargylic position.
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